 (Naito, 1986 
Materials and Methods
A summary of the skeletal materials used in this study is given in Table 1 . The locations of these skeletal series are shown in Fig. 1 . The human remains of the Kuramoto-Ato, Tonoshiro-Nakanuhaka and Arakawa sites date to the 15-16 century A.D. and were mainly buried in individual pits. The Kuramoto-Ato and Tonoshiro-Nakanuhaka sites are located in the same sand dune. A single skeleton was recovered from an individual pit at the Arakawa site. The skeletal remains of the early modern sites, including the Nosoko and Kabira, are from more mixed mortuary contexts including secondary bundle burials in rock shelters (Nosoko 1) or in stonebrick graves (Nosoko 2, Kabira 1 and 2). The human skeleton from the Isobe site was accidentally found during construction work, which has been dated to the 15-16 century A.D. Except for Kuramoto-ato (Doi and Hojo, 1997) , no archaeological reports have yet been published for these sites.
The minimum number of individuals was determined using cranial and long limb bone remains. Age at death and sex of these remains are given in Table 2 . Sex was estimated using the standards used by Brothwell (1981) . However, sex of fragmen taryskeletal remains was estimated using the standards proposed by Nakahashi and Nagai (1986) . Sex determination of immature skeletal remains was not attempted. Age was primarily estimated using the methods of Miles (1963) and Knussman (1988) . Due to the incomplete nature of these remains, many of the adult specimens could not be aged more accurately than simply as "adult."
Macroscopic and radiographic examination of teeth and bones was made in the present study. All expressions of cribra orbitalia (slight, medium, or marked) were recorded as present for each eye socket (Nathan and Hass, 1966; Hirata, 1988a) . Linear enamel hypoplasias (LEH) in the deciduous and permanent teeth were recorded for each individual using the methods of Yamamoto (1988) . Fuminori Kanaya interpreted the long limb bone fractures using both macroscopic and radiographic examinations. Osteoarthritis was limited to the elbow joint and the bodies of the lumbar vertebrae because of the poor preservation and incompleteness of these re mains.Any degenerative osteoarthritic change in the joints was scored as present using the methods of Wada (1975) and Yamaguchi (1984) . Because of the in completenature of these skeletal remains, the frequencies of these conditions are reported per bone. No statistical tests of significance are performed in this study due to the small sample size.
Results and Discussion

Cribra orbitalia
Cribra orbitalia is a defect in the orbital roof, characterized by porotic and trabecular Figure 2 . Comparison of the frequencies of cribra orbitalia in adult and immature specimens. Edo (Hirata): Hirata, 1988a Hirata, , 1988b Hirata, , 1990 ; Edo (Yamamoto): Yamamoto, 1988. lesions (Shultz, 2001) . Cribra orbitalia is mainly due to anemic condition fol lowedby chronic and parasitic infections (Fairgrieve and Molto, 2000) . The fre quencyof cribra orbitalia in adult eye sockets is 35.7% and in the sub-adult eye sockets the frequency is 100.0% (Table 3) . Nearly half of the individual eye sockets are affected, and, as reported by other researchers (e.g. Cybulski,1977; Hirata, 1988a; Salvadei et al., 2001) , cribra orbitalia is more frequent in immature eye sockets. Many of the affected skulls also exhibited porotic hyperostosis, which is represented by a thinning of the tables and hypertrophy of the diploe in the cranial vault. The frequency of cribra orbitalia in early modern mainland Japanese specimens is rela tivelyhigh (52.1%-64.2%) (Hirata, 1988a (Hirata, , 1988b (Hirata, , 1990 Yamamoto, 1988) , a fre quencywhich is comparable to that reported for the Ishigaki sample (Fig. 2) . Hudson (1999) , however, reported a lower frequency of cribra orbitalia in the early modern samples from the Ryukyu Islands, which includes skeletal remains from the Okina waand Kume Islands.
Dental Enamel Hypoplasia
Linear enamel hypoplasia (LEH) is a developmental defect in the tooth enamel. This dental pathology is caused by a metabolic insult during childhood, including infections and malnutrition (Saunders and Keenleyside, 1999; Lukacs et al., 2001; Robb et al., 2001) . The frequency (100%) of LEH in the Ishigaki remains is high, affecting all the individuals examined (Table 3) . Yamamoto (1988 Yamamoto ( , 1992 reported the frequencies of dental enamel hypoplasia in the permanent mandibular canines of 65.1% in the early modern period of mainland Japan and 61.8% of the Amami Is land,Ryukyu Islands (Fig. 3) . Although some of the differences in these results may be attributed to interobserver error, the age of these specimens, and which teeth were scored, the high frequency of LEH in the Ishigaki sample requires further investiga tionusing more sophisticated methods such as stable isotope analysis. Likewise, more detailed investigations, including the chronology, duration and severity of hy poplasiaswill be necessary (e.g. Goodman and Rose, 1990; Larsen, 1997: 43-56;  Kikuchi et al., 2000) .
Trauma
Trauma includes fractures, crushing injuries, dislocations, among others (Steinb ock,1976) . Fractures are indicators of cultural behavior as well as accidents. A sum maryof the healed fractures in the long limb bones in the Ishigaki series is given in Table 4 . There are six healed fractures, five in adult males and one in an adult female. No fractures are observed in the immature skeletons. Two males have Colles' frac turesin their left forearms and three have spiral fractures in their lower left leg bones ( Figs. 4 and 5 ). An adult female from the Kabira site has a healed fracture of the distal end of the left humerus (Fig. 6a) . It was estimated that the epiphyseal line of the distal end of this bone had been injured at a young age due to deformity of the left elbow joint. Later, this injury was accompanied by severe secondary osteoarthritis. No fractures are observed in the clavicles or femora, which are common in archaeo logicalskeletal remains. Although fractures of the forearm bones are common in archaeological skeletal remains and fractures to the lower long limb bones are fre quentin recent human remains (Steinbock, 1976; Larsen, 1997) , the frequencies of upper and lower long limb bone fractures are about the same in the Ishigaki sample. However, bone fractures are more frequent in males and on the left side in the Ishiga kisample.
Osteoarthritis (Degenerative Joint Disease)
Osteoarthritis, or degenerative joint disease (DJD), is characterized by deteriora tionand abrasion of the articular cartilage and new bone formation at the joint sur face (Steinbock, 1976) . Osteoarthritis usually occurs in the weight-bearing joints and its frequency reflects the physical activity of individuals. Several examples of degenerative joint changes, including secondary osteoarthritis, in the elbow joints of three individuals from Ishigaki are shown in Fig. 6 . Osteoarthritis in the elbow joints and bodies of the lumbar vertebrae is summarized in Table 5 . Elbow joint osteo arthritistends to affect the right side of males, a finding consistent with reported cases in archaeological skeletons from North America (e.g. Bridges, 1991) . Due to the small sample size, the female samples show no side differences. As would be expected given that there are no old adults represented, no severe cases of lumbar osteoarthritis are observed in these remains. Further, because severe osteoarthritis in the cervical vertebrae has been reported in other skeletal series (Bridges, 1994) , ad ditionalstudy of the skeletal remains from Ishigaki is warranted.
Periostitis and osteomyelitis
Periostitis is a periosteal reaction that may result from infection. Extension of infection into the bone marrow results in osteomyelitis. Periostitis may be an indica- for of chronic infection in the archaeological contexts. For example, rib periostitis has been attributed to chronic pulmonary infections including pulmonary tuberculo sis (Lambert, 2002) . Fig. 5 shows radiographs and photographs of the left tibiae affected by periostitis. The frequencies of periostitis and osteomyelitis in the Ishiga kisample are given in Table 6 . The frequency of periostitis is higher in the lower limbs than in the upper limb bones in the Ishigaki series. Although the sex difference is not clear, periostitis is observed more frequently in the lower legs of males than in females. Non-specific periostitis of the lower limb bones, especially of the tibiae, has been reported to be common in prehistoric times (Suzuki, 1998) . Suzuki (1998) re portsfrequencies of 11.8-20.7% in the lower limb bones of the Jomon people from various areas of Japan and 12.3% in the lower limb bones of the Early Modern Jap anesefrom Tokyo. The frequency of periostitis is markedly higher in the Ishigaki series than in the skeletal series examined by Suzuki. Fig. 7 shows radiographs and photographs of two cases of osteomyelitis in the adult female left tibiae. Both examples show a new bone sheath or involucrum of coarsely woven bone around the original tibial cortex and one smooth-walled canal (cloaca), for pus drainage. The inflammation of the tibia on the right is relatively localized, while that on the left exhibits a diffuse bone reaction. The two radiographs also show medullary invasions of the infection.
A specific inflammation, such as treponematosis, must be considered in the Ishi gakisample because of the extremely high frequency of periostitis and the two cases of severe osteomyelitis. Additional differential and paleopathological diagnoses will be performed in the near future. Suzuki (1998) has reported on so-called indicators of physiological stress in pre historicJomon specimens from the main islands of Japan. However, except for Yama moto's(1988) study of dental enamel hypoplasias of human remains from the Wano- Table 5 .
Frequencies of osteoarthritis* in the Ishigaki sample 1 A=Affected 2O=Observed. * Any degenerative changes are counted as present using the methods of Wada (1975) and Yamaguchi (1984) Tofuru-Haka site, on Amami Island, there have been few studies of similar condi tionsin the skeletal remains from the Ryukyu Islands. Hudson (1999) and Hudson and Takamiya (2001) , however, recently reported observations of dental paleopa thologyfor some Ryukyu Island samples, mainly from the Okinawa and Kume Is lands.This latter research focused primarily on the temporal changes on subsistence economy of these earlier inhabitants.
In the present study, high frequencies for several indicators of stress are reported. The high frequencies of cribra orbitalia and dental enamel hypoplasias observed in the skeletal remains from Ishigaki Island indicate that these early inhabitants may have experienced many severe nutritional deficiency stresses, infectious diseases, and/or parasitism in early childhood. Likewise, two cases of osteomyelitis and a high frequency of periostitis in the lower leg bones may be attributable to specific inflammations, suggesting that the health of these island inhabitants had been com promised.
The results of this preliminary study suggest that environmental factors may have substantially contributed to the pattern of health and disease in the medieval and early modern inhabitants of Ishigaki Island. Prior to this study, reconstructions of the way of life of the Ryukyu Islanders have been primarily based on archaeological and historical data (e.g. Asato and Harunari, 2001) . Human skeletal remains offer an important independent and alternative means for addressing similar questions. Fu turework in bioarchaeology is expected to yield important new information on the quality of life of these ancient inhabitants.
